An autosomal recessive genetic defect termed JH1 has been associated with early embryonic loss in the Jersey cattle breed. The genetic basis has been identified as a cytosine to thymine mutation in the CWC15 gene that changes an amino acid from arginine to a stop code. To screen for JH1 carriers in an imported Jersey population in China, a method based on a polymerase chain reaction amplification followed by a restriction fragment length polymorphism assay (PCR-RFLP) was developed for the accurate diagnosis of the JH1 allele. A total of 449 randomly chosen cows were examined with the PCR-RFLP assay, and 31 were identified as JH1 carriers, corresponding to a carrier frequency of 6.9%. The PCR-RFLP method was validated by DNA sequencing of 8 positive and 13 negative samples, with all 21 samples giving the expected DNA sequence. In addition, 3 negative and 3 positive samples were confirmed by a commercial microarray-based single nucleotide polymorphism assay. Finally, samples from 9 bulls in the United States of known status were correctly identified as carriers (5 bulls) or noncarriers (4 bulls). As the JH1 defect has most likely spread worldwide, implementing routine screening is necessary to avoid the risk of carrier-to-carrier matings and to gradually eradicate the deleterious gene.
Jersey cattle are a small dairy animal popular for their high milk fat percentage, low maintenance costs, and tolerance to heat stress. 4 However, intense selection has led to rapid inbreeding accumulation. A rate of inbreeding of 0.14% per year from 2000 to 2007 and a small effective population size of ~68 was reported in Canadian Jerseys. 3 The average inbreeding level has increased to 6.00% and 7.09% for cows born in 2013 in Canada (Canadian Dairy Network, 2014, Inbreeding update-August 2014. Available at: http://www. cdn.ca/articles.php) and the United States (Council on Dairy Cattle Breeding, 2015, Trend in inbreeding coefficients of cows for Jersey. Available at: https://www.cdcb.us/eval/sum mary/inbrd.cfm?R_Menu=JE#StartBody), respectively.
Inbreeding can result in negative effects such as inbreeding depression and increased prevalence of rare deleterious recessive alleles. 1 A new autosomal lethal recessive defect (denoted as JH1) in Jersey cattle was reported in 2011 by identifying haplotypes with high population frequencies but lacking homozygotes. 5 The JH1 defect was found to have an extremely high carrier frequency in the U.S. Jersey population, and this defect was associated with early embryonic loss. 5 Most recently, the causative mutation of JH1 was identified as a transition from cytosine (C) to thymine (T) in the CWC15 gene (g. 15,707,169 C-to-T transition on Bos taurus autosome 15 [BTA15] of University of Maryland genome assembly of B. taurus, release 3.1 [UMD3.1]) that changes an amino acid from arginine into a stop code. 2 The aim of our study was to develop an effective and efficient method to accurately diagnose for JH1 and to then screen for JH1 carriers in an imported Jersey population in China.
Blood samples were collected from 449 Jersey cows that were imported from Australia in 2012. Genomic DNA was extracted using a commercial kit. a Using the DNA sequence of CWC15 from the B. taurus UMD3.1 genome assembly (http://www.ensembl.org/) and the NEBcutter software, 6 a suitable restriction enzyme (TaqαI) for discriminating the JH1 mutation was selected. We then developed a method 589362V DIXXX10.1177/1040638715589362Screening for JH1 genetic defect carriers in Jersey cattle by a PCR-RFLP assayZhang et al.
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National Engineering Laboratory for Animal Breeding, Key Laboratory of Animal Genetics and Breeding and Reproduction of Ministry of Agriculture, China Agricultural University, Beijing, China (Y Zhang, Huang, Lu, L Wang, Fang, Y Wang, S Zhang); and Beijing Shounong Xumu Fazhan Co Ltd., Beijing, China (Guo, Liu). that uses the polymerase chain reaction and restriction fragment length polymorphism assay (PCR-RFLP) for identification of JH1 carriers. The PCR was set up in a final volume of 25 μL containing 20-50 ng of genomic DNA template, 10 pmol of sense (CWC15-F: 5′-GGGACT GAGGATGAAGTTGC-3′) and anti-sense (CWC15-R1: 5′-GGTTGGGAATACGGAAAGGT-3′) primers, 200 μM of deoxyribonucleotide triphosphates, and 0.75 U of Taq polymerase. b The amplification profile was 8 min at 95°C, followed by 35 cycles at 95°C for 30 sec (denaturation), 30 sec at 60°C (annealing) and 1 min at 72°C (extension), and the final extension for 10 min at 72°C. Restriction digestions were carried out in a final volume of 50 μL containing 10 μL of the PCR product, 5 μL 10× enzyme reaction buffer, and 20 U of TaqαI. c After a 30-min incubation at 65°C, the samples were electrophoresed in a 3% agarose gel and stained by ethidium bromide. The RFLP pattern was then evaluated under ultraviolet light.
The PCR product was 1,246 base pairs (bp) in length. There are 2 TaqαI recognition sites in the wild-type allele that results in 3 fragments after digestion. The JH1 defective allele, however, has only 1 TaqαI restriction site and therefore generates 2 segments after digestion (Fig. 1A) . Therefore, the wild-type homozygote (noncarrier) produced 129-, 402-, and 715-bp fragments after TaqαI digestion, whereas an additional 844-bp fragment presented for the JH1 carriers (Fig. 1B) .
The previous strategy for JH1 carrier testing is a haplotype-based method that relies on haplotype inference of 17 single nucleotide polymorphism (SNP) markers spanning ~5 Mb on BTA15. 5 However, for a small population without large SNP data for accurate haplotype inference, the haplotype-based method is inapplicable. The testing method reported herein is simple and cost-efficient because it directly examines the JH1 mutation by PCR-RFLP. Moreover, the reliability of the method was enhanced by utilizing another identical restriction site at 715 nucleotides down-stream of the JH1 mutation, which helps prevent false-positive test results due to incomplete digestion in the RFLP analysis.
The JH1 defect is probably the most frequent inherited defect in Jersey cattle. From the common ancestor, an elite U.S. Jersey sire (Observer Chocolate Soldier) born in 1962, the JH1 mutation has been widely spread, leading to a carrier frequency of 20-25% in Jerseys in the United States. 5 The 10 most contributing ancestors accounted for ~60% of the gene pool of Canadian Jerseys in 2000-2007. 3 Notably, 2 of the bulls (Observer Chocolate Soldier and Soldierboy Boomer Sooner of CJ) are JH1 carriers (http://www.cdn.ca/query/ individual.php).
In the current study, 31 JH1 carriers were identified among 449 cows, corresponding to a carrier frequency of 6.9%, which is substantially lower than that in the U.S. population (20-25%). 5 Pedigree analyses were performed to trace the ancestries of the carriers using the pedigree databases of the Canadian Dairy Network (https://www.cdn.ca/) and the Australian Dairy Herd Improvement Scheme (http://www.adhis.com.au/). Twenty of the 31 JH1 carriers showed paternal grandsires from U.S. bulls, indicating the high impact of U.S. ancestry on Australian Jerseys. Seventeen carriers were traced back to the common ancestor, Observer Chocolate Soldier. His grandson, Soldierboy Boomer Sooner of CJ, however, is the bull most responsible for the spread of the JH1 lethal allele (Fig. 2) .
The PCR-RFLP assay was validated in 3 ways. First, direct sequencing of PCR products was performed on 8 identified positives (carriers) and 13 negatives (noncarriers). As expected, the positives showed heterozygous peaks (C/T) at the causative mutation while the negatives were homozygous wild allele (C). Second, 9 U.S. Jersey bulls with known JH1 genotypes (5 carriers, 4 noncarriers) were tested using our new method, and all were confirmed. Third, 3 negatives and 3 positives shown by the PCR-RFLP assay were genotyped by a commercial SNP chip-based assay. d Results showed no discrepancies between the 2 assay strategies. These results demonstrated that the PCR-RFLP is a reliable assay for genotyping the JH1 defect.
In summary, a PCR-RFLP genotyping test was developed for the JH1 defect, and the carrier frequency was examined in an imported Jersey population in China. The high frequency of the JH1 carriers suggests that evaluating the genetic defect by pedigree analysis and our new method is necessary for the imported Jersey cattle. In addition, all active sires should be screened so as to avoid the risk of carrier-to-carrier matings and to gradually eliminate the deleterious gene.
